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_ Related Background Art

- bifuminous pavements. These approaches are described in the following patents:

——

—

\

Technical Field to which the [nvention Belongs -

This Invention relates to the rejuveaation of aged asphaltic pavement

As esphaltic concrete pavement ages, the asphaltcementbeeomes harder. This Ieadshﬂledehermalwn
ofthe pavement During this age hasdening the heavy asphaliic component content: increase. Atemenahon
agent for such aged asphaltic concrete must be of sufficiently low viscosity to lawer the v:saasity of the aged
asphalt to desired levels. it also must hzve a high polar (o non-polar component ratio to assure eempaﬂbnlty
with tke high heavy asphaliic content In the asphalt of the salvaged aged asphaltic pavement.

Recyding of salvaged asphalt pavement has significant economic edvantages beause s:gniﬁeant
amounts of virgin asphalt and aggregates are needed mpmduceanewasphalhccementpavementﬁxrthar
salvaged asphait pavement contzins high quality aggregates which may be either disposed ¢ of in dmnp sites
ormay be used in low performance epplications. ;

‘The current situation in North America concerning the hotrecyde ofsalvaged asphalt pavementis quits
extensively described in & paper by W. D. Robertson et al entiied "Mix Design -~ The Key to Supeessful Pave~
tnent Recyding” and published In the Canadian Technical Asphalt Assaciation Proceedings of 1988. p. 830.

One common practice at this fime Is fo mix old milled asphalt pavement material with scﬂ.wgm asphalt
and then to heat the whale mixture by the addition of preheated virgin aggregate. The current fimi in Ontario,
Canada of old pavement uillizztion is 50%, dueto environinental regulauonsfcrthe amount ofsmo!e produeed
when the hot aggregate is added.

Specifications for recycling agents used it hot-mix recycling are described ma-aperbyKanetal m'ﬁe—
phalt Paving Technology™ of 1980 p. 177. “Cold-In-place % recycling of asphalt pavementsis i ma'easmg inpop-
uarity, as described by Wood et al ln'l'lansporlatlou Research Record" #1178 of 1988. N. Paul Khosla de-
scribed theuseofemulsﬂedrecydhgagems In "Asphalt Paving Technology™ of 1982 p. 522.

However, other approaches to recyding are possible. These inciude: methods that require minimal ornc
heating; Improving the asphalt compesition; adding various agents to asphalt compositians; and recond[ﬂoning

U. S. Patent No. 4,373,961, paiented February 15th, 1983 by E. M. Stone; )
- U.S. Patent No_ 2,904,494, patented September 15th, 1952 by R. L. Griffin; i

U.S. Patent No. 8,783,189, patented February 19th, 1974 by L. W. Corbeti;

U.S. Patent No. 8,221,615, patented December 7th, 1965 by E. W. McGoverrs;

U.S. Pateat No. 4,278,469, patented July 14th, 1981, by T. Y. Yan etal;

U.S, Patent No. 4,279,660, patentsd July 21st, 1981, by L. Kama et al;

U.S. Patent No. 4,825,738, patented Apiil 20th, 1982, by H. Plancher;

U.S. Patent No. 4,549,834, pateated October 29th, 1985, by J. P. Allen.

Disclosure of the Invention
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By this Invention, @ method Is provided forthe rejuvenation of sged salvaged asphaltic pavement manenal
the method being characterized by: Incorporating, futo the old asphallic pavement, a novel nih-ogen-conuimng
adheslon-improving, antistipping agent as an addifive. The additive is characterized by b?mg a sewage
sludge-derived o, or 2 fraction theredf, the sewage sludge-derived oil comprising a mixture of saturated ali-
phatic hydrocarbons, monoarometic hydrocarbons, diaromatic hydrocarhoas, palyaromatic hydracarbons,
tarcompounds and basic, pyridene-soluble compounds, having the following elemental dxemwel composition:
nitrogen, about 3.4% to about 5% by welght; oxygen, about 5.8% to-about 6.9% by weight; sulfur about 0.3%
o about 0.8% byweight: hydrogen, abaut 9.7% a about 10.4%, and carbon, about 76.9% to about 79.8%. -

This invention also provides a methed for improving the compatibllity of aged asphaltin salvaged old as-
phalt paving matedals with other asphaltic materials, the method belng characterized by: Inccrporahng. info
thie old asphaltic pavement and Inta any other asphaltic matferizls, and/or rejuvenating agents andlor suitable
softening agents, a novel nitrogen-contzining edhesion-impraving , anti-tripping agentasen addilwe.'me ad-
ditive is characterized by heing a sewage sludge-dedved cil, or a fraction theredt, the sewage fludge-domed
ofl comprising & mixture of saturated aliphatc hydracarbans, monoaromatic hydrocarbans, diaromatic hydro-
carhons, polyaromatic hydrocarbons, polar compatnds and basic, pyridene-soluble compounds. having the
following elemental chemical compasition: nitrogen, about 3.4% to about 5% by weight; oxygen. about 5.8%

.t abow 6.9% by weight; sulfur, about 0.3% to about 0.5% by weight; hydrogen, about 9.7% téabeuuo.m,'

and carbon, about 76.9% to about 79.8%.
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“This inventicn also provides a method "orlmpmvmg the reszslznce (nslnppmg of rejuvenated asphalt ce-
ment aggregate characterized by incorporating, into the ald asphaltic pavement, & novel nmogen—eommng
adhesion-improving, anti-stripping agent as an additive, the additive being characterized by being a sewage
sludge-~derived oll, or a fraction theredf, the sewage siudge-desived ol comprising a mixture. df saturated ali-
phatic hydrocarbons, monoaromatic hydrocarbons, diaromatic hydrocarbons, polyaromatic hydracarhons, po-
far compounds and basic, pyridene-soluble compounds, having the following elemental chemh{al compasition:
nitrogen, about 3.4% to about 5% by welght oxygen, about 5.8% to about 6.9% by weights sulfur about 0.8%
to about 0.8% by weight; hydrogen, abaut 9.7% to abaut 10.4%, and carbon, about 76.8% fo a‘bout79.8%.

In these methods, the emount of sewage sludge-derived ol is from about 2 to about 15% bywetght.

This inveation st further provides an asphaltic compasition including comminuted, aged asphamc pave-
ment material, and an effective amount, e.g., fram about 2% to about 15% by weight, of a h!end'ofsa&asphalt
cement, and/or a conventional asphalt cement, andfor a cutback asphat, with a navel nilmgenleo'maining ad-
hesion-improving, anfi-siripping agentasanaddﬂ:ve.meaddinve;sdmadeﬁzedbybquthesewage

. sludge-derived oll which comprises a mixture of saturated aliphatic hydrocarbens, :mnoammahchydroar—

bons, dtaromatic hydrocarbons, polyaromatic hydrocarbons, polar compounds and basic, pynden&eoluble
compounds, having the following elemental chenvical composition: nitrogen. about 3.4% to ahqutS% by weight;
oxygen, 2bout 5.8% W about 6.9% by welght; sulfur, about 0.3% to about 0.8% by weight hydmgen. about
8.7% to about 10.4%, and carbon, about 76.9% to about 78.8%. ;

The sewage siudge-derived oil preferably has the following elemental composition: nﬁrorgeu. 342% to
4.95% by weight; oxygen, 5.84% to 6.89% by weight: sulfur, 0.34% 10 0.63% by weight; hydragen, 970% o
10.44% by weight: and carbon, 76.92 fo 79.76% by weight. -"

- ‘The emount of such sewagesludge-deﬁved oil ora fraction therect, maybefrom aboutzm about15%
by weight. !

inthe asphalﬂcwmposltmn, the other agentmay be 2 hydmmrbon pmdur‘.twnth physleal d'laradersﬁ

. selected to restare aged asphalt to the requirements of current asphalt specifications, e.g.. itt%uay be atleast
one rejuvenating agent orat least one softening agent; or &t may be a soft asphalt cement, and/or a cutback - -

asphalt, and/or 2 conventional asphalt cement. Preferably, it should be a soft virgin asphalt H

The commmuted aged asphaltic pavement generally is of a size up to 1™ (2.54 cm) in d‘uan;eter i
Effects of the Invention ' : : o i

The effects of the invention include & method and system for the reconstiution of the us%dmaﬁrials of
existing asphalt pavement, thereby providing almost new matedals to we used in the construction of newas-
phalt pavements. The use of the sewage sludge-derived oils for the rejuvenation of asphaltin sa!vaged asphalt
graving material thus allows for recycling. Sewage sludge-dersived oils or fractions thereof have been found to
be well sulted o be used as asphaltic rejuvenation agents, preferably in combination with appmpnate aother
conventional rejuvenating agents and/or softening agents for the fallowing reasons:

1. They have low viscosities and thus they can soften the hardened asphalt by Iowenng VIscosmw and

increasing penetration values. -

2. They have an affinity for heavy residual components, e.g., asphaltenres. They are thereby compatible

with asphalts of high asphaltene content and can also render other appropriate materials. ! .

3. They imprave resistance of rejuvenated recycled ssphalt to stripping from the aggregates. .

The sewage sludge-derived oil should be topped at high temperatures in.orderto meet sort:le of the spec-
ffications for asphalt paving materials. Alternatively, it could be mixed with other high bolling appropriate ma-
terials. Subsequently this mixture would have the advanlageous properues of bath of these camponenis for
hot recydling.

In cold recycling. no wnpneaﬁonsarefomeen even If the +150°C sewage sludgededve& ailils used. In
such case, the sewage sludge-derived ofl could be used either per se or together with other’ matenals. :

As noted above, the asphaltic compesition may also include other asphaltic materials andlor rejuvenating
agents and/or suftable softening egents. Such rejuvenating agems andlor surtab[e softening agems may be
@s described below:

8) Ahydrocarbon product with physical characteristics selected fn restore lged asphaitto th requn‘ements

of cxsrant asphait specification, as described in Kari et al "Asphalt Paving Technalogy” 19 0 p. 77. :

b) Soft asphalt cements and cutback asphalts. One example of such agents is that known by the Trade-

mark MOBILSOL-30, Examples of ather suitable modifiers are provided in Khosla, 'Asphalt Pavmg Teoh-

nology™ 1982 page 522.

©) Petroleumn ofls, soft asphalfic res!dues and canventional asphalticcemems, as desuihed in Rnherlson

et al ¥ Mix Design-Key to Successful Pavement Recyding” page 830. i -
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Such sewage sludge-denved ofl may be produced according to the teachings of Canadulan Patent No.
4,225,062, issued August 4th, 1987, to T. R. Bridle. The teachings of such a patentmay bes,.lmmarized
follows:

Abalch-type reaction systemfor the production of such sludge-derived oil described inthe allzave-ldenﬁﬂed
Canadian patent may be operabed as follows: A single reactor provides bath heating and :eacﬁonzon_es and
consists of a PYREXqy tube. This was heated In & fumnace, off-gases being condensed In a irapping system
consisting of three flasks connected In series, using ice as the coolant. Nor-condensable gmés (NCG) wera
veated by pipefrom the system fo afurnace hood and were not collected. Atypice! run was conducted by charg-
ing 650 g of dried sludge (83-86% salids) momereadoranddeaexahngthhni&ugeuwhﬂetntheverml
position. The reactor volumefric packing for all cuns was a fiominal 50%. The reactor was then placed inthe
furnace, which was Inclined by a support 10* to Jadilitate liquid raensport. Al the lines, &aps, etc. werg con-
nected and the entire system purged with nitrogen (15 mlLis) for 20 loSOmmuts.'mefumacewasthenswaﬂr
ed on and brought up to operating tsmperature af a controlied rate, the control employing a‘therma_couple

3

. placed inthe sludge bed and connected ta thermacouple switch and readout. Once operating femperature had

been reached, the nitrogen purge rate was reduced to 7 mi/s. When all visible signs of ceaction, Le., gasfoil

_ flow, ceased the heatwas switched off end the nifrogen purge rate increased to 15 lesfcrapi:mﬁmahetyso

mimmtes. The system was dismanfled and the char, of and pyrolyfic water callected and wred foranalyses,
oilfwater separation being achieved using a separatory funnel.

The operating conditions and results fora continuous-type reachrsysuemareshown mTablq 1 below. while
typical elemental analyses of the resuitant oils and chars are shown in Table 2and a dish'bnhen analysis of
aliphatic hydrocarbans found in an ofl is shown in Table 3. The continuous reactor results areshown in Table
4. All the dat= in the tables is expressed on a botal solids basis (not corrected for volatiies). The -nan—condens—'
able gas (NCG} yield was calculated by difference. Analysis of the NCG, by gas chmnmgxaphy (GC), indi-
cated thatd:contamed roughly 6% methane and 10% catbon monaoxide with the remainder ccmpnsmg mos:ly
carbon dioxide and nltrogen. The calculated calorific value is approximately 2.0 MJ/kg of NCG.

Most of the test suns were conducied af optimun conditions defined as: oplimum conversloln temperature
as determined by differential scanning calorimetry; linearincrease of temperature with ime o operating termn-
perature at 10°C/minute; and continuous nikogen purge. Runs 11,12, 13,22,24 and 19 msteadwereeonducbed
with one variable alfered during each test, as indicated inTable 1.
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TEST RUN CONDITIONS AND RESULTS

OPERATING CONDITIONS ‘
RUNNO. |SLUDGESAMPLE |TEMP('C) ' |OTHERCOMMENTS |
1,20,29 Lo 400 .Optirmm
510 D 450 Optimum
14,15,18 B 450 Opfimum i
2 c 425 63% WAS
3 c 425 75% WAS g
4 o 425 88% WAS ,
11,12,13 B 350 Low Temperature
2 c: 450 High Temperature
23 C 400 No H, purge during run |
24 '_c 400 Ramp at 5 C/min.
19 c 400 10000 ppm Ni spike '
{at c 400 Secind reactor, empty . |.
32 c 400 Second reactor, char
33 c 400 - Second reactor, catalyst
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TABLE1-B 1 :
TEST RUN CONDITIONS AND RESULTS OIL )
RUNNO. |VIELD% [CALORICVALUEMIKg v:soosnvcamsroxes
1,20,29 208 ° 38.40 Sn;:lid
5-10 21.1 37.43 s
141518 | . 24.1 3313, | 605
2 258 33.83 i 703
3 285 34.13 . 7
4 287 3177 : 214.0
11,1213 12.8 33.32 . . Salid
2 223 30.87 i S
23 19.8 38.00 : . 44.9
24 163 792 1 o
19 2049 33.08 L sf3.4
31 190 9 B 37.48 i sél'id
32 172 3818 I 39S
33 180 37.49 .30

[ R —,




k(]

15

&5

.6 .

This Sheet Has Been Replaced

|

NA = Not Available
Solld is defined as 214 centistokes :
Viscosity measured at room temperature (20-25°2C)

TABLE 1 - C i
RESULTS g
CHAR ROUN g
F :
THER+
NONCON- | PYROLY- | MAL,: |
‘ CALORIC | DENs2-~ | TIC | EFFIC-
YIEID | VALUE | BLES WATER IENCY
RON NO % MI/kg | YIELD $ } YIEID % $ |
1,20,29 |S9.5 9.86 11.6 8.1 81.91
5-10 52.5 |10.68 |13.2 13.1 77.7!
14,15,18 | 53.7 10.08 13.3 8.8 83.2!
2 57.1 11.35 12.2 - 87.2/
3 56.7 11.63 10.1 4.6 90.8;
3 S4.6 10.65 8.9 7.8 82.4!
11,12,13 | 65.8 | 12.00 10.3 11.2 79.3;
| 22 s4.6 8.39 12.1 11.0 80.4
I 23 58.1 |[10.51 |12.2 8.9 80.1/
24 62.7 11.24 - | 10.3 10.7 | 76.9]
is 60.8 NA 10.6 7.7 88.7!
31 60.0 11.07 12.0 8.0 80.1!
32 59.9 11.07 | 13.0 9.9 77.0}
33 56.8 10.01 14.8 5.4 75.0:

Teble 2-A
OIL AND CHAR ELEMENTAL ANALYSIS (%)
oL

Run No. Yol H N s o
206 7800 1040 389 075 618
o 7874 1047 345 041 637
15 7738 970 49 083 6.90
2 77e2 1020 399 081 651
25 7800 1030 342 074 7.00
24 Tr91 1044 38T 074 648
19 7907 1006 466 053 7.07
81 7682 1048 411 0.685 €.89
32 7976 1025 419 056 584
33 7930 1041 349 034 584
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Table2-B S . : }
QIL AND CHAR El EMENTAL ANALYSIS (%) '
o
Run No. c H ' N s 0 '

20 2545 197 279 139 11.90
o 2602 161 301 116 1270
15 2453 122 284 074 926 !
22 2253 134 254 152 1254 |
23 2383 170 259 144 1155
24 2476 185 28 133 1237 .
19 2336 156 276 148 1325 i
37T 2653 213 280 131 1184
32 2567 198 280 134 1163
33 2422 162 274 150 1.3 i

Table 3
ALIPHATIC HYDRO-
CARBON DISTRIBU-
TION IN OIL
Compound | % : '
Cro 8 . !
Cio15 3o '
Cisae 6 ;
' Ciear 5 A
Curts 10 5
Ciozo 10
Casax 10
Cas 21 :
w0 !
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Table4-A
CONTINUQUS REACTOR RESULTS REACTOR CONDITIONS
Solids Resi- ; : .
RunNo |Temp (?) Sludge Fd Rt dence Time Char Inv. (g) Gas Seal AGas Path
ot (Min) B 5
34 250 750 ) 51|no r_nbi(edflow;
- e .I
35 450 750 8 54|no nfnfedﬂcw
36 500 750 8 53| no mb'?edﬂow:
37 450 750 28 201 |yes counter current
38 450 750 8 56| no 1st§zone or:LIy
3s 450 750 8 55|no co-gurrent
O :
40 450 . 1000 8 70|yes countercmrent
41 450 §Q0 20 88| ves anm&wannau
. T .
ol
. . |
Table 4 ~ B j
INUOUS REACTOR RESULTS
i
OoIL
= :
Run Yield | cal Vis- i
No (%) Value | cosity ;
34 13.53 | 27.88 | 160 64.68 | 8.84
35 29.71 | 31.12 | 72 59.76 | 8.27 ;
36 28.16 | 34.01 | 34 58.10 | 7.67 i
37 24.10 ] 35.53 { 33 59.50 | 8.28
33 24.46 | 30.06 | 110 $9.47 | 8.25" :
39 . 27.96 { 33.20 | 73 59.74 | 8.70: :
40 26.75 | 31.04 | 82 61.11 | 8.54 i
41 23.74 | 35.00 | 32 57.7% 8.12 !
! .
! i

Continuous Reactor Results measured at 38°C

(ASTM Standard) of Table 1, measured at

room temperature.
from source uCt,

Conducted using sludge
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TJable4-C i
) CONTINUOUS REACTOR RESULTS NOG
NOG
RunNe |Yield (%) Cal Value f%h;'s Water Yield Thermal Efficlency . ‘ Char Inv SFR .
34 728| 3.18 3.62 ' 7545' : 0.068
|35 7.57 5.04 218 95:1:;0 . 0072
36 3.61 20.05 3.06 o804| | 0.071
37 6.37 a8 572 aarr| 0268
38 826 372 423 gars| | . 007s
39 e67| ' sor| 560 9&55?1 E 0073
40 a78| © 120 337 21| oo
41 742 10.86 588 gi az B 0176

The sewage sludge-derived oil produced appeaxs to be largely aliphatic with a modelate oxygen content

but with nitrogen derived from proteins and fatty acid In the sewage sludge. The solid rasndue is 80% inorganic
mattec.

The abave-desaibed sewage sludge-derived oils may have the following eompcsctlon' .

Teble & |

General Range Typical Range - i

Nitragen: 2% to about 8% 3.4% fo about 5% :

Oxygen: 3% to about 12% 5.8% to about 6.9% .

Suphur:  |O.A% babout4% | 0.3% to about 0.8%

| Hydrogen:  |8% t about 11% 9.7% to about 10.4% '
Carbon:.  |86.9% tosbout65%  |76.9% ta abcut79.8%

[}
l

These sewage sludge-derived ols can be dehydrated by distillation. PorGions of‘the riirogenous groups
appear to be amines and amides with some pyridinic and pyrrolic types. Portions of the oxygen—oanwnmg
groups appear ta be carbuxylic and amide types.

The following Table 6 provides an ldentifi cahon of individual components of sewage sludge-denved oil
(SDO) by Gas Chromatography/Mass Spectrograph (GC/MS):
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Table 6 i
A
Components *Approximate Approximatei
) concentration concentration
in Fraction - in dehydrated
sewage
, sludge-derlved
oil ‘

Fraction 1 :
(boiling: up to 176°C) (4.6% of dehydrated
sewage sludge—derlved 011)

Low boiling aromatxcs 15.3% 0.7% f
Pyridines 1.1% " 0.05% i
Total Alkanes 2.5% o.12% i
Indoles - 1.7% 0.08% -
Pyrroles 1.1% 0.05% '
Thiocyanates traces (i.e. less than 0. 05%)
Esters ' . traces (i.e. less than 0.05%)
. . "1
Fraction 2 ' ' i

(boiling range: 176°-260°C) (22.5% of dehydrated-
sewage sludge—deriveqd o:.l)

Phenols ) 3.2% 0. 7% :
Esters/acids . g
Succinimide (C,-E,Noz) ] _ T St
Amides traces (i.e. less than 0.05%)
'.L’h::.oureas traces (i.e. less than 0. 05%)
Thiazoles traces (i.e. less than 0. OS%)
i
Fraction 3 i

(beiling range: 260-—400°C) (30.6% of dehydrated se_v:;age '
sludge—~ : S .

BV |
Gl N - ' I

: l
It was found that; as the fractions get heavier, the identification of individual componenis becomes more

difficult because of the complexity of the fraction.
The actual analysis (by elements) of this SDO is

derived oil)

i
|

N:  6.77% i
o 121%
S 0.74%

H: 9.75% . "
C:  7153% !

An analysis of one specific sewage sludge-derived oil was carried autby gas dlmmamgtaphylmass spec-
troscopy as follows:

This analysis is performed by connedling a mass specu'ometerto the autiet afa column used Inagas chro-
matograph. The sample is injected into the gas chromatograph which serves to divide the mpla inte individual
components. Components of a sample are eluted from the calumn according to their differing valaﬁlmes. with
the lowest boiling components usually eluting first. These are then passed to the mass spectmgraph whlch
causes the malecules o be fragmented and ionized. The ions of the different mass fragments of the compenent
are detected electronically. The pattern of fragmentation as the ions move through a magnehc field is then

used to identify the chemical functional groups of the component. This is repeated for each cpmponent that . -

is eluted from the d’n’umabographlc column. The patterns of the jon fragments are very well known for chemkzl
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functional groups and can be used for both identification and quantitative analysis. As the boﬂ'ng range; of the
fraction increases the identification of individual components becomes more difficultbecause of t'he complexity
cf the companents and the decreasing ability to resolve individual components by gas dlmm_atoglaphy.

‘The samples of sewage sludge-detived oil were characterized by first distilling to obtain 5 ﬁa'@:ﬁons sultable
for gas chromatography/mass specirometry analysis. Each of these fraction was then analyzed to determine
the amount of each functional type of component. The results are shown in the following Tamé 7, where the
concentration reported represent the amount of the component type in the particular fraction o';nly.
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Companents

Concentration, %

Fraction 1, Initial Boiling
Point to 176°C

Aronmatics 15.3%
Pyridines ' 1.1%
2lkanes 2.5%
Indoles 1.7% S
Pyrroles 1.1% :
. ‘Thiocyanates - traces '
Esters - traces l
Fractioh 2, Boiling between :
176 and 2670°C :
Phenols 3.2% l
Pyrroles 1% i
succipimide (CHNO,) frace !
Thiocureas traces I
Thiazoles traces i

Fraction 3, Roiling between
260 and 400°C

No individuzal components
could be identified. The
response indicates most of
the components have the
general chemical formula of
CH, N and CH,,;- These
components are most likely to
have a heterocatomic ring with
nitrogen and are highly
substituted.

Fraction 4, Boiling between

400 and 525°C
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No individual components
could be identified. Common
features with the lower . 1y
boiling fractions suggest | AE
complex molecules containing
nitrogen and oXygen.

Residue, Boiling higher than H
8525°C : !

This fraction could not be
chromatographed. .. ‘

st
—

N
Consequently, it is seen that the sewage sludge-derived ol comprises a mixture of saturated alxphahc hydro-

carbons, monoczromatic hydrocarbons, dieromatic hydrocarbons, polyaromatic hydroa:bons. polar com-
pounds and basle, pyridine-soluble compounds. Large portions of the nirogenous groups appearto be amme

.and amides with some pyridinic &nd pyrrolic types. Large portions of the axygen cantaining gmups appearln

be carboxyllic and amide fypes. The sewage sludge-derived ait has the following typical elemental composition:
nitragen, about 3 4% to about 5% by weight; oxygen, about 5.8% to about §.89% by weight; sulfur about 0.3%
to about 0.8% by weight: hydrogen, about 8.7% to about 10.4% by weight; and carbon, about 78.9% hu about
79.8% by weight. The sewage sludge-~derived oils can be defiydrated by distillatfon.

The following standard test methods were used for determining the properties of the rejuvena:ed old as-
phalhc pavmg meferials containing sewage sludge-derived oil or fractions thereof:

The Standard Specification for Viscosity-Graded Asphalt Cement for Use in Pavement Consirucﬁan is

- ASTM D3381-83.

The Standard Specfification for Penetration-Graded Asphalt Cement for Use in Pavement Consirud:on is.
ASTM D-946-82.

The Standard Test Method for Penetration of Bituminous Matedals is ASTM D5-86.

The Standard Test Methed for Soft.enmg Point of Bituraen (Ring-and-Ball Apparatus) is ASTM D 36-86.

The Standard Test Method for Effect of Heat and Airin Asphaltic Materials (Thin-Film Oven Test) is ASTM
D1754-87.

The Standand Test Method for Ductility of Bifuminous Maﬁenals is ASTM D 113-86. ; )

The Standard Test Method foc Solubility of Asphalt Matertals in Trichloroethylene is ASTM D 2042-81

Standard Test Method for Kinematic Viscosity of Asphalts (Ritumens) is ASTM D 2170-85.

Standard Test Methiod for Viscosity of Asphalts by Vacuum Capillary Viscometer is ASTM D 2171 —88.

The Standard Test Method for Separation of Asphalt into Four Fractions is ASTM D4124-8,8

The Standard Definitians of Terms Relating to Materials for Roads and Pavements is ASTM D8-88. |

Methad of Test For Skipping By Static Immersion is described by Ministry of Transportatlon of Ontaﬂo
MTO). .

The materials used in the following examgles were zs fallows: o

Distillation fractians of sewage sludge-derived ails: +150°C, +250°C, +350°C, and +400°C; Shell Gudlf, and
Petro Canarla 85/100 Pen grade asphalt; Petro Canada 150/200 Pen grade asphalt; and Local (0 ttawa, Camda
ares) milled recycled asphalt cement (RAC). !

The sewage sludge-derived oils used have the compositions 2s previously described.

Brief D&saipﬁon of the Drawings

In the accompanying drawings, '
Figure 1 is a graph showing penefratian (in dmm), as ordlnate and Wt% sewage sludgederived oil inre-
covered asphatlt cement as abscissa;
Figure 2 is agraph of\nscostty (i cS§ as ordinate and Wt% sewage sludge-derived ail in recavered asphalt
cement as abscissa; '
- Figure 3 isa graph of penetration (PEN in PT25°C3 as ordma:e and % sewage sludge—derived o‘l +350°G
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. additive, in aged asphalt as abscissa; and . :

Figure 4 is & bar graph of blends of asphalt, additive and aggregate showing the relammg coating. :

As seen fram the drawings, Figure 1 is a graphical summary of the penefration tests previously described
showing the blend of recovered asphalt cement and sewage sludge-derived of (+150°C); vs. penetratron at
4°C and at 25°C.

Figure 2 Is a graphical summary of the viscosity tests previously described showing the blend of recovered
asphalt cement and sewage slidge-derived ofl (+250°C), vs. viscosity at 100°C and at 135°C. -

Figure 3 is a graphical summary of the penetration tests previously described shownu the penehauon vs.
sewage sludge-derived ofl, +350°C additive, blended with aged asphalt. .

Figure 4 shows the amount of retained coating afterthe stnppxng by immersion test pre\nously descn‘bed

Description of Special Embodlmems

The manner of incorporation of sewage sludge-derived oils into salvaged asphaltic pa\’rement for recycle
can be by various methods, including hot mixing and cold processing, with or without the! ipresence of virgin
aggregate and/orvirgin asphaltcement and/orrejuvenating agents and/or other suftable softemng agems This
is deseribed by the following a:amples.

Example 1 i

Aged asphalt cement extracted from discarded old pavement was softened with sewage siudge-desived
oil and Bow River asphalt, (a soft virgin asphalt). As well, a hard commercial asphalt was softened with bath
sewage sludge-derived of and Bow River asphalt. The penatrations and viscosities for thm:e examples are
shown in Tables 8 and 9 and graphicallyin Figures 1 and 2.~

Figure 1 is a graphical summary of the penefration tests previausly descnbed showmg the blend of recov-
ered asphalt and sewage siudge-derived oil (+150°C) vs. penetration at 4°C and at 25°C .

Figure 2 is a graphical summary of the viscosity tests previously described showing the blend ofrecovered -
asphalt and sewage sludge~derived ol (+250°C) vs. viscosity at 100°C and at 135°C. .
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Penetration Comparisan Between Recovered Asphalt Ce- ?
ment and Petro Canada 85/100 Asphalt When Different Addi-
tives are Added |

PENETRATION (dmm)

45C 25°C

RAC 7 30
RAC +2.1% SDO 40 :
RAC + 6.0% SDO 7 50
RAC + 12.2% SDO 11 a8
RAC + 22.0% Bow River 13 80
PC 85/100 8| s
PC 85/100 +6.0% SDO _ 14 156
PC 85/100 + 14.0% Bow River 15 148
Bow River >300 wa
sDo >400 wa |

RAC =Recovered Asphalt Cement

SDO = Sewage Sludge-Derived Oil

PC =Petro Canada 85100 Asphalt

The SDO fraction uged was SDO +150°C

The Bow Riverfraction used was Bow River +454°C

nfa =Notanalyzed
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TABLE 9 . ¥
Viscasity Comparison Between Recovered Asphalt Cement and Petro :
Canada 85/100 Asphalt When Different Additives are Added
KINEMATIC VISCOSITY (cSt)
100°C 135°C
RAC 11039 ges| |
RAC +2.1% SDO 5883 78| |
RAC +6.0% SDO 4794 624| .
RAC +12:2% SDO 4807 43| i
RAC + 22.0% Bow River 3079 287] |
PC 85/100 nfa 32| |
PC 85/100 + 6.0% SDO 1690 218|
PC 85/100 + 14.0% Bow River 1518 203/ ,
Bow River 67.34 21.44] |
SDO 21.85 725 |
- RAC =Recovered Asphalt Gement N
SDO = Sewage Sludge-Derived Oi '

PC  =Petro Canada 85/100 Asphalt o
wa =Notanalyzed i
The SDO fraction used was SDO +150°C i
The Bow River fraction used was Baw River +454°C '
Abrief synopsts of the composttions (in weight %) of the virgin asphalts used, as wrned outby theﬁsphalt
Separauon Test by ASTM D 4124, is shown in Table 10, as follows.

PC=Petro OanadaAspha{ts. Both asphahs are commercial asphahs graded according ﬁo penelrahon grade.s.

TABLE 10 _

Asphalt Asphaltene Seturates | Nap/Arom. | PoVAc
PC 85/100 16.1 143 342 353 .
PC 150/200 03 16.0 359 388

i.e. 85/100 = penetration between 85 and 100 dmm.
= Naphthene Aromatics

Nap/Arom.
Pol/Ar.

= Polar Aromatics : :
The results of the tests performed on the comercnal vigin asphalts used are summanzed n Tah[e 1" belovr
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TABLE 11 :

Test Units PC 85/100 PC 1507200
Strp Imm. | % 36 20
Pen. 4,25,30°C | dnm 8,86,158 15,174,218
Flash Pt. COC|°C 324 316
Viscosity,60°C | Poises | 1573 476.1 .
L135°C|cSt 3321 191.8 '
Duclty25°Clam  [+150 130
TACIEth.Salty | % 99.93 89.95
TFOT Wt Loss | % 0024 - |o
‘Pen25°C | dmm 53 . 8
RetPen. | % 53 g9 -
Vis.60°C |Poises 3178 799.5
135°C | cSt 4462 |44
Ductility,25°C | em 150+ n/a
Strpdmm. | % 25 na
Strp imm. = Stripping By Static Immersion
Pen. = Penelrstion
TriCIEth.Sol'ty = Solubility in Trichlorcethylene
TROT = Thin-Film Oven Test
RetPen. = Retained Penetration . ;-
Vis. = Viscosity i

The results of Tables 8 and § indicate that small amounts of sewage sludge-derived oil soften hard aspialt
and recyded asphalt as much as larger amounts of soft virgin asphalt. In particulas, aged asphaltof 30 dmm
penetration at 25°C is converted in an 85/100 asphalt by the addition of 122% sludge-denved oil; commercial
85/100 esphalt is converted to soft asphalt (150/200) by the addition of 6% sludg&denved oil. As well, the
recycled asphalt blended with 12.2% sludge derived ofl passes Ministry of Transport of Ontario spécification
for kinematic viscosity (minimum of 280 cSY) for 851100 asphait Rest ASTM 2170-85]. The performance of sew-
age sludge-derived ol for saftening hard asphalt and recycled asphalt at least mab:hes the performance of
Bow Riverasphalt but at significantly reduced amounts. Iif more Bow River had been added to the old asphalt
to bring it to a specified peneftration of 85/100 esphalt, then the viscosity would have been below the specxﬁed
280 ¢St (minimum).

Example 2

1
The addition of sewage studge-derived oil to recycled asphalt cement has been fénd to improve ductiiity.
In this example, 5% of +150°C sewage sludge-derived oil and 5% of +250°C sewage s!udge-denved oil
were added, respectively, to aged asphalt.
Acomparison afthe sewage sludge-derived ofl containing more lighterand less hghter matenalas addilives
foraged asphalt is shown below in Table 12.
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sk Sewage Sludge-Derived 0il+250°C was used
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TABLE 12 :
___INCREASE OF DUCTILITY BY ADDITION OF SDO '
RAC V 5% SDo* 5% sno** :
. in RAC V in RAC V
Penetration € 25°C a8 59 . 55 .,
(x/10)
Viscosity eso°C 11425 2896 3531
(Poises) :
Ductility e€2s5°C 31.5 137.0 10L.2 |
(cm)

SDO = Sewage Sludge-Derived O
RAC =Recovered Asphalt Cement :

As shown in Table 12, above, the penetrations increased from 38 to 59 and 38 to 55 and the viscasities
at 60°C were lowered from 11425 to 2896 and 3531 poises respectively. Figure 3 is a glaphlcal summary of
the penetration tests previcusly described showing the penefration vs. +350°C sewage sludge-denved o'l ad-
ditive blend with aged asphalt.

This shows that the material with lighter components is somewhat more effective forsoftsmng. Further.
the sewage sludge-denved ofil is quite effective in increasing ductiliies from 31.5 to 137 and' 1.01 oM respec-
tively. ASTM D-846 specifies a minimum of 100 e ductility for hard (85/100) asphalt cement. The increase in
ductility demanstrates the compatibility of sewage sludge-derived ofl with heavy asphaltenic materials.

EXAMPLE 3

Blends of sewage sludge-derived ol with aged asphalt when subjected to Thin-Film Oven "l'wts yleld sat-
isfactory results. This is shown below in Table 13 when a blend cantalning 9% of sewage sludgedemred o'I in
aged asphalt was subjected in the Thin-Fim Oven Test .

_ TABLE 13
EFFECT OF GXIDATION
Thin-Film Oven Test .
Asphait P EN?ig Be | TROTWeloss% | PEN25C (After) RETAINED PEN%
0% SDO, - o
COMMII . , 174 0 09 : 56.9
1507200 ' -
10 % SDO . -
+250°C COM- 342 1.08 187 : , 547
MIH 150/200 ¥ :
0% SDO. RAC | _ a2 0.028
8.92 % SDO ' 3 .
+250°C RAC 65| . . 0s0 . 39 &0
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PEN = Penetration (dmm)
COMMIIl = A commercial Asphalt
S0D = Sewage Sludge-Derived Oil

RAC = Recaverad Asphalt Cement

TFOT  =Thin-Film Oven Test >

As alsa noted abave, the retained penetration was 60% which passes the Ministry ofTransport of Ontano
and ASTM D-946 specifications.
EXAMPLE 4 ' oo

The change in viscosities after Thin-Film Oven Tests is shown below in Table 14.

RECOVERED ASPHALT CEMENT BLENDS VS, VIS-
COSITY AT 60°C

Asphalt Cement Blend Viscasity @ 60°C (F)
RAC +0% SDO +250°C 28720 !

- TFOT Residue | 45210,

RAC +8% SDO +250°C 5330
TFOT Residue 9583 :

RAC - Recovered Asphalt Cement . i
TFOT - Thin-Film Oven Test .
SDO - Sewage-Sludge Derived Ol !

This viscosity change is within the speciicalions required by those Canadian transporiahan agenm who
set this specification.

With 85/100 and 140/200 penetration grade asphalts it has been found that atleast 5% ofihe +150°C sew-
age sludge-derived oil can be added before the blends fail the Thin-Film Oven Test due to volatization of the
lighter components. With the heavier aged asphalts considerably more can be added of the +150°C sewage
sludge~derived oil. Alternatively, a higher initial boifing point sewage sludge-derived ofl could be used. Those
asphalts could be-diluted with other materizls, e.g., soft virgin asphalt.

EXAMPLE § . | oo
° |

The compatxbﬂﬂ.y ol‘sewage sludge-derived oit with heavy residual materials was then asesed. Sewage .
sludge-derived oll was added to CANMET hydrocracking pitch (S.P.111°C) and to ROSE res:due (s.P.Iss"C)
in equal proportions, heated until liquid and thoroughly mixed. An aged Athabascan asphaltene fraction was
similarly treated with twice its weight of sewage sludge-derived ofl. .

A description of the characteristics of the above-referred-to CANMET hydrocracking pdz:h Isas follows
Very heavy matetial. Typically SO - 80% Asphaltenses.

Asphaltene content varies with the feedsinck and the conversion rate selected for the procws (See U.S.
Patent No. 4,683,005 July 28, 1987 M. A. Pofrier).

A description of the characteristics of the abave-referred-to ROSEy), residue is as follows: .

Residuum Ofl Supercritical Extraction (ROSEn,) process by the phenomena of :eve:sesolubﬂity sepm
asphaltenes from heavy oil residues using propane or butane solvent. The characterisfics of the; fiydrocracking
pitch will vary according ta the feed stock used, but typically very high in asphaltennes: R& B sofhenmg PL 80-
100°C
Viscosities 200-400 cSt @ 200°C
Nicke! & Vanadium 100~-300 wppm (high) :

In the czse of the hydrocracking pitch and the ROSEqy residue blends, the materials appeared to dlssolve
completely in the sewage sludge-derived oll. In the case of the asphaltenes, there appeared o, ‘be onlya very
small portion of skin-fike material that did not dissalve in the sewage sludge-derived ol. This small amousnt of
insaluble material probably was due to oxidation of the asphaltene fraction on ageing. The rmxtures were very
viscous, on caoling, but no phase separation could be detected, even after several weeks. :
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The addition of sewage sludge-derived oil to aged asphalt can markedly improve the resistznce to stripping
of the rejuvenated asphalt from aggregates. This is shown it the bar graph shawn in Flgure 4 which shows
the results of the stripping by static immersion test.

As seen in Figure 4, 9% of sewage sludge-derived il was added to the aged asphalt. In addfhcn to rejuv—
enahon. this retained surface coverage afterthe stripping test was 100% for this rejuwenalzd asphaltandwas -
only 42% for the aged asphalt. The result for the recycdled asphalt blended with sIudge-denved ol exceeds
the Ministry of Transport of Ontario requirement of 85% coverage for hard asphalts.

EXAMPLE 6

{ndustrial Applicability

This invention provides the industrial epplicability of recycling used asphalt pavement in order © salvage
the asphalt and the aggregate. This pravides almost new materials for use in the constructon’ of new asphalt
pavements.

The positive results in softening salvaged asphalts, forimproving compatibility, and for i xmpmvmg adhesion
to aggregate for pavement recycling using sewage, sludge-derived ofl indicate the expanded patential use and
therefare snarket value for sewage sludge-derived oil. Sewage sludge-derived oil has an afﬁnr[yforheavy as-
phaltic materials. The addition of sewage sludge-derived of to aged asphalt markedly i tncreases the dudiﬂias.
Sewage sludge-derived olls are fairly immiscible with hydrocarban fraction that have high aturabed hydmm:
boa contents. There is a possibility that asphalts thatare high in saturated hydrocarbons, in parhaﬂarwaxy
components, may be incompatible when very large emounts of sewage sludge-derived oll are added. However.
such asphealts would not be gene:aﬂy desired for paving.
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Claims

1.

7.

10.

Amethod for rejuvenation of salvaged, cld asphaltic pavement material, characterized _ig! ineuipc}mﬁng,
into said old asphaltic pavement, 2 novel nitrogen-coataining adhesion-improving, anti-stipping agent as
an additive, said additive being characterized by being 2 sewage sludge-derived oll. ora fract:on thereof,
the sewage sludge-derived oll comprising & mixture of saturated aliphatic hydmtzrbons ‘moncaromatic
fiydrocarbons, diaromatic hydrocerbons, palyaromatic hydrocarbons, polar compounds and basic, pyri-
dene-soluble compounds, having the following elementat chemical composition: nitrogen, about 3.4% to
about 5% by weight; axygen, about 5.8% to about 6.9% by weight; sulfur, about 0.3% to about 0.8% by
weight; hydragen, abaut9.7% to about 10.4%, and carbon, about 76.9% ta about 79.8%.

A method far improving the compafibility of aged asphalt in salvaged old asphalt pavmg mat.eria!s with
cother asphaltic materials, characterized by incorporating, into said old asphaltic pavement, with ormthout
other asphaltic materials, and/or rejuvenating agents and/or suifable softening agents, a sewage sludr'e-
derived oil, or a fraction therecf, the sewage sludge-derived oil comprising 2 mexture ofsatnrated aliphatic
hydrocarbons, monoaromatic hydrocarbons, diaromatic hydrocarbons, polyaramatic hydmarbons polar
compounds and basic, pyridene-soluble compounds, having the following elemental chemical composi-
tion: nitrogen, about 3.4% to about 5% by weight; axygen, about 5.8% fo about 6.8% by weght; sulfur,

about 0.3% t about 0.8% by weight; hydrogen, about 8.7% to about 10.4%, and carbon, about76.9% ied
about 79.8%. i

Amethod for improving the resistance to stripping of rejuvenated asphalt oementaggregaté characterized
by incorporating, into said old asphaltic pavement, a novel mtrogen—comammg adheson—nmprovm. anti-
stripping agent as an additive, sald additive being characterized by being a sewage sludge~derived all, or
a fraction thereof, sald sewage sludgevdenved ol comprising & mixlure of saturated aliphatic hydrocar-

bons, monoaromatic kydrocarbons, dizromatic hydrocarbens, polyaromatic hydrocarbogs, polar com-
pounds and basic, pyridene-soluble compounds, having the following elemental chemxcai composition:
nitrogen, about 3.4% to about 5% by weight; oxygeq, about 58% to about 6.9% by welght: suifur, about

0.3% to about 0.8% by welght; hydrogen, about 8.7% to about 10.4%. and carbon. about 76.9% to about
79.8%. )

The method of claims 1, 2 or 3 characterized in that the amount of said sewage sludgedenved ofl i xs ﬁ-om
about 2 to about 15% by weight. . i

An asphaltic compasition incdluding comminuted aged asphaltic pavement material and denzed by
including an effective amount, e.g., from about 2% to about 15% by weight, of 2 blend of an agent, e.g.,
a hydrocarbon product with physical characteristics selected to restore aged asphalt to thé requirements
of current asphaltspecifications, e.g.. asoft asphalt cement, and/ora convenfional asphalt cement, and/or
a cutback asphalt in combinafion with & nifrogen-cantaining, adhesian-improving, anh-sinppcng -agent,
said agent being characterized by belng a sewage siudge-derived oil, or a fraction therecf, said sewage
sludge-derived oil comprising a mixture of saturated aliphatic fiydrocarbons, monoaromatchydrocarbons,
diaromatic hydrocarbons, polyaromatic hydrocarbons, polar compounds and basic, pyridene-soluble com-
pounds, having the fallowing elemental chemical compasition: nitrogen, about 3.4% to about 5% by weight
oxyger, about 5.8% to about 6.9% by welght; sulfur, about 0.3% to 2bout0.8% bywelghthydmgen, about
9.7% to about 10.4%, and carbon, about 76.9% to about 73.8%.

The asphailtic composition of claim 5 characterized in that said sewage sludge-derived oll has the fol!amug
elemental composition: nitrogen, 3.42% ta 4.95% by weight; oxygen, 5.84% to 6.89% by weight; suffur,
0.34% to 0.83% by weight; hydrogen, 9.70% to 10.44% by welght; and carbon, 76.92 to 73: 76% byWe@ht

The asphaltic composition of clzims 5 or 6 characterized jn that & incdludes at least one’ addﬁmnal agent,
e.g., at least one rejuvenating agentorat least ane softening agent.

The asphaltic compasition of claim 7 charactetized in that said additional agentis a soft asphalt cement,
and/or a cutback asphalt, and/er a coaventional aphdt cement

The asphaific composition of dalms 5. 6, 7 or 8 blended with soft vnrgm aspha!t.

The asphalticcompasition of dlaims 5, 6, 7, 8 ar9 characterized in that the amountcfsaldseme sludge»
derived ol in said blend is fram about 2% to about 12% by welght.



